objective To ascertain the level of awareness and attitudes towards cervical cancer among secondary school students in Nigeria. ) and HPV (43.1%) was poor, as was specific knowledge about their benefits, timing and frequency, and about HPV vaccinations, but associated attitudes were moderately positive at 60.2% and 65.1%, respectively. Awareness of cervical cancers increases knowledge about when to start screening (OR = 2.30; P = 0.02) and about early symptoms of cervical cancer (OR = 2.56; P = 0.001).
Introduction
Cervical cancer is the fourth commonest cancer in women worldwide [1] , but the second most common in developing countries, particularly among women aged 15-44 years [2] . In 2012, an estimated 445 000 new cases of cervical cancer were reported in developing countries, comprising 84% of new cases worldwide and >85% of the 270 000 global deaths from cervical cancer [1] .
In Nigeria, about 50.3 million women aged 15 years or older are at risk of developing cervical cancer [2] . Current (2017) estimates indicate that 14 089 women are diagnosed annually, of whom 8240 die [2] . A study citing 2008 data from WHO stated that the age-standardised incidence rates were 33.0% in Nigeria, 33.7% in Africa and 15.7% in developed countries, with respective mortality rates of 22.9%, 24.0% and 7.8% [3] . Quoting 2008 data from the International Agency for Research on Cancer, the same study projected that by the year 2025, cervical cancer deaths among Nigerian women would rise by 63% among those aged ≤65 years and by 50% among those over 65 years [3] .
These statistics have been attributed largely to poor awareness of preventive lifestyle factors, screening and vaccination programmes available to women in developing countries [4, 5] , which leads women to seek treatment late resulting in poor outcomes and high mortality rates [6, 7] . This contrasts with trends in developed countries, where up to 80% of cervical cancers are managed early, with much better outcomes [1] .
Nearly all cases of cervical cancer are attributable to human papillomavirus (HPV), an extremely common and sexually transmissible virus acquired mostly through sexual activity [1] . WHO recommends HPV vaccination from the ages of 9-13 years [1] . HPV's progression to cancer takes 10-20 years [8, 9] , leaving a window of opportunity to control cervical cancers [10] , for example by raising awareness of risk factors, screening by Pap smears, and HPV vaccinations. Risk factors include early sexual debut, multiple sexual partners, unprotected sex, tobacco smoking, multigravidity (>4) and prolonged use of oral contraceptives (>5 years) [1] . Excessive alcohol consumption [11] and a positive family [12] history have also been implicated [13] .
Screening and vaccination programmes for preventing cervical cancer are scarce in most developing African and Asian countries although they bear the highest cervical cancer burdens [1, 4, 14] . In Nigeria, HPV prevalence was 16.0% in 2017, and WHO estimates that the coverage of cervical cancer screening by age (in years) was 1.8% for those aged 25À34, 6.6% for those aged 35À44, 12.7% for those 45À54 and 2.8% for those aged 55À64 years [2] . The poor coverage is corroborated by independent studies: knowledge of cervical cancers and uptake of Pap smears are very poor across Nigeria [6, [15] [16] [17] even among healthcare workers [18] . These reports show an alarming contrast to developed countries: Sweden reports up to 90% screening uptake [19] .
Raising awareness of cervical cancer and preventive strategies can help reduce its incidence, morbidity and mortality [3, 20] . Thus, our aim was to assess the knowledge, awareness and attitudes of women towards the causes of cervical cancer, HPV infection and vaccinations, with a view to informing preventive programmes on areas that can be anchored on [17, 20] .
Methods

Study design
This was a cross-sectional, self-administered, questionnaire survey of high school girls and was part of a larger study exploring the knowledge, attitude and practices (KAP) of participants regarding breast cancer, breast self-examination and cervical cancer. Combined, the data collected for this study formed the first part of a 6-month longitudinal study designed to explore the pre-and post-health education intervention symposium organised for the students on breast and cervical cancers and BSE.
Setting, participants and inclusion criteria
We surveyed secondary school girls who were mainly in their mid-to late teens. Most exposures to HPV occur in women aged 20-25, and targeting them before they break into this age bracket is desirable. HPV vaccines work best if administered prior to HPV exposure, which may occur during the very first unprotected sexual activity [1] . About 15.6% of 16-year-old Nigerian girls are sexually exposed [2] , and 51.7% of Nigerian university undergraduates became sexually active before the age of 20 years [6] . Thus sexual health interventions are best placed in secondary school to be most effective.
Eligible participants included all final-year female senior secondary school students (equivalent to the final year of high school) in the 24 government-owned secondary schools that teach girls in Otuocha Post Primary Schools Service Commission (PPSSC) [21] Educational Zone, which spans three Local Government Areas (LGAs) of Anambra State [22] , Nigeria. There were 10 schools and 190 eligible students from Anambra East LGA, seven schools and 92 eligible students from Anambra West LGA, and nine schools and 150 eligible students from Ayamelum LGA. Thus, 432 girls were eligible for the study and contacted.
Questionnaire
The questionnaire was adapted to our participants from those used by similar studies [23, 24] . Given these slight modifications, it was piloted through 20 secondary school students in the same year as the targeted participants in another educational zone of Anambra State. Their feedback and input from professional colleagues were used to develop the final questionnaire (Appendix S1).
The questionnaire had four parts. Part 1 comprised introduction, participant information and consent; Part 2 contained the eight major questions on basic demographics, and Part 3 (not covered in this paper) explored KAP on breast cancer and breast self-examination. Part 4 had 10 main questions (some with subcomponents) eliciting knowledge and attitudes on cervical cancer, Pap smear, HPV and vaccinations.
The final questionnaire was dispatched on 18 September 2017 to school principals, with each school receiving exactly the number of their eligible students. Participants were given one week to return the completed questionnaires. Late returns were not accepted. To identify statistical associations, binary logistics regression was used. One independent (Predictor) variable and 11 dependent (Outcome) variables were tested. Where necessary, variables were dichotomised into 'Yes or No' so as to allow the use of the logistics regression. The independent variable was 'having heard of cervical cancers'; the 11 dependent variables were 'specific knowledge' on Pap smear (four), HPV vaccinations (two), cervical cancer risk factors (three) and early symptoms (two). Only positively scored variables were included. Associations were deemed to be significant if the P-value was <0.05.
Data entry and analysis
Ethical considerations
Ethical clearance was obtained from Griffith University Human Research Ethics Committee. Participation was voluntary, and consent was deemed to have been given if the participant proceeded to complete the questionnaire after reading the Participant Information Sheet (first page of the questionnaire). We also obtained permissions from the relevant state agencies and the Zonal Director in charge of Otuocha Educational Zone. Written notifications were given to the principals of all eligible schools, and through them to students and parents.
Results
A total of 390 of 432 dispatched questionnaires were returned, but only 321 had enough completed components to warrant inclusion in the analysis. This gave a 74.3% response rate.
Respondent characteristics
Respondents' age ranged from 13 to 25 years (Table 1) , with a mean of 16.79 (SD 1.475). A total of 298 (94.0%) girls were aged 15-19 years, and 10 (3.2%) were 20 or older; 42.7% had heard of cervical cancer, 32.8% of cervical cancer screening, 23.2% of Pap smears and 22.0% of HPV and HPV vaccinations. Students' sources of information were school teachers (28.3%), television/radio (27.4%), health workers (24.0%), the Internet (16.5%), print media (15.9%), friends (14.3%), family (12.8%) and the church (8.4%).
Knowledge and attitude regarding aspects of cervical cancer
As shown in Table 2 , general knowledge about Pap smears (41.8%) and HPV (43.1%) was poor. Specific questions on Pap smear covered its usefulness, its recommended starting age and frequency (Table 2A) , and specific questions on HPV covered knowledge of its role in cervical cancer and when vaccinations against it should begin (Table 2B ). The girls' knowledge was poor across the board, with only 43.1% knowing that a Pap smear can identify cervical cancer, while 29.3% and 14.4%, respectively, correctly responded that it is recommended for those aged ≥18 years who are sexually active, or 2 years after sexual debut. Similarly, overall knowledge about risk factors of cervical cancer was poor (42.4%; Table 3 ), while knowledge about its early symptoms was very poor (28.3%; Table 4 ).
In contrast to the other results, attitudes were generally at moderately positive levels. Overall, 60.2% were positively disposed towards Pap smears and 65.1% towards HPV vaccinations (65.1%, Tables 5 and 6 ).
Associations between dependent and independent variables
As shown in Table 7 , participants who had heard about cervical cancers were more likely to be aware that a Pap smear is advisable for women within 2 years of commencing sexual intercourse (OR = 2.30; CI: 1.13-4.67; P = 0.02) and that there may be no symptoms in the early stages of cervical cancer (OR = 2.56; CI: 1.44-4.57; P = 0.001).
Discussion
Less than 50% of young Nigerian women know about cervical cancer, cervical cancer screening, Pap smear, HPV and HPV vaccinations. At 74.3%, our response rate was reasonably high. As we found no studies that had surveyed a similar demographic in an identical environment, direct comparisons could not be made. However, the mean age (in years) of 16.8 AE 1.5 of our participants is similar to that in other studies on Nigerian female senior secondary school students [26, 27] , suggesting that our findings might be representative of the group surveyed.
Given that girls who have heard about cervical cancers are statistically more likely to be aware of its risk factors and early warning symptoms, concerned agencies should conduct awareness campaigns, preferably while the girls are still in secondary school. The need for these campaigns is pressing: for tens of millions of women in Nigeria and other developing countries, they are the sole means of empowering them in the fight against cervical cancer.
The closest comparisons we could make were with studies of university undergraduate women in Nigeria [6] and India [20] . Their participants were slightly older (18-25 years), more experienced and had a higher level of education and exposure than ours. Thus, it is not entirely surprising that the numbers recorded in our study fell well below the levels reported in those studies: for instance, our 42.7% who had heard about cervical cancer vs. 71.0% of Nigerian [6] and 82.5% of Indian [20] undergraduates. Similarly, our 23.2% who had heard about Pap smears were far fewer than the 33.5% of Nigerian undergraduates; and compared to the 45.6% who had knowledge about HPV and its vaccinations in India [20] , only half as many of our respondents did. However, levels of awareness in developing countries, even among older women, are much lower than in developed countries. For instance, 96.5% of 18-to 25-yearold female undergraduates in Germany had heard about HPV vaccinations [28] .
As shown in Table 1 [29] .
Girls in high school present a younger and therefore better target for interventions against cervical cancers. With 81.5% of undergraduates being sexually active [6] vs. 15.6% of 16-year-old Nigerian women (who are likely to be in secondary schools) [2] , interventions at university might be too late for eight in 10 women, given that they might already have been exposed to HPV. The moderately positive attitude towards having Pap smears and HPV vaccinations among our respondents implies that they are willing to engage in activities that will help reduce their risk of developing cervical cancer. Health empowerment campaigns would likely be well received and therefore should be effective. Disappointingly, the most common source of the information on cervical cancer was school teachers, but only 28.3% of respondents benefitted from this source. Health workers should be encouraged to educate their patients more, as only 24% of respondents got their information through them, vs. 71% in Germany [28] .
School teachers, churches and mosques need to be engaged as well. The latter may be effective in reaching out to the desired population as statistics suggest that schools and religious activities are popular among youths in Nigeria. Whereas only 75.6% of Nigerians aged 15-24 years are literate (58% of females) [30] , 90% of the entire population identify as either Christians or Muslims [31] . Involving religious institutions will also help reach women who do not attend schools. The Internet and electronic media can only play a small complementary role due to their scarce availability.
One major strength of our study is that all eligible participants for this study were contacted and that the response rate was reasonably high, implying that our findings are likely to be representative of the population surveyed. The questionnaire incorporated both positive and negative questions, which is a good measure to minimise the impact of speculative responses, thereby making the findings more reliable. Piloting of the study questionnaire, which increased the internal reliability of the survey document, is also considered a strength. However, our study has two important limitations: (1) the study population excluded boys and illiterate girls; and (2) we covered only part of Nigeria due to our limited resources. Both will hopefully be addressed in future.
Conclusions and recommendations
Female students in Nigerian secondary schools have generally poor awareness and knowledge of cervical cancer, the virus causing it, Pap smears and HPV vaccinations.
Despite a largely positive attitude towards preventive interventions, most young women know little about risk factors or early symptoms. However, greater awareness of cervical cancer might be associated with better knowledge of early symptoms and the need for Pap smears, and provided reliable sources of information are made available. We recommend that awareness campaigns targeted at teenage girls are integrated into secondary NB: result interpretation: ≥70% = excellent knowledge; ≥50 to <70% = moderate knowledge; <50% = poor knowledge. *Correct responses. †Total scores are derived by the sum of the following: correct responses (marked with *; multiply by 3) + unsure (multiply by 2) + incorrect (multiply by 1). NB: result Interpretation: ≥70% = excellent knowledge; ≥50 to <70% = moderate knowledge; <50% = poor knowledge. *Correct responses. †Total Scores are derived by the sum of the following: correct responses (marked with *; multiply by 3) + unsure (multiply by 2) + incorrect (multiply by 1). NB: result interpretation: ≥70% = highly positive attitude; ≥50 to <70% = moderately positive attitude; <50% = poor attitude. *Positive responses. †Total Scores are derived by the sum of the following: positive responses (marked with *; multiply by 3) + unsure (multiply by 2) + negative responses (multiply by 1). ‡These items were excluded as they do not define the attitudes of the respondents towards Pap smears. There may be no symptoms in early cervical cancer (n = 294) 2.56 1.44 4.57 0.001* *Statistically significant. NB: knowledge characteristics: S/N: 1-4 = Pap smear; 5-6 = HPV vaccinations; 7-9 = cervical cancer risk factors; 10-11 = early symptoms.
school academic curricula and that religious institutions and healthcare workers also be involved. These approaches would not only be cost-effective, but might be the most sustainable way of achieving cervical cancer control in countries where universal screening and vaccination programmes are virtually non-existent. The modestly positive attitudes of young women imply that such campaigns are likely to be effective.
